Abstract: A strategic program for developing the fertilizer sector in Bangladesh for sustainable agriculture is presented in this paper. Based on the land utilization and likely cropping patterns in the future, the expected demands for different fertilizers such as urea, diammonium phosphate, TSP, SSP and MOP have been estimated. Considering the production capacities of different fertilizers in the country as well as the conditions of the plants against the estimated demands, Bangladesh immediately requires to add additional production capacities for urea (1122,000 tpy), SSP (960,000 tpy), Phosphoric acid (226,000 tpy, 100% P 2 O 5 ), Sulfuric Acid (1000,000 tpy) and Muriate of Potash (700,000 tpy). The estimated investment for adding these capacities would be around US$ 1860 million. If these additional capacities are not built, the costs for import of different fertilizers including staple cereals would be in excess of US$ 1700 (fertilizer ≈ US$ 900) million every year. If the envisaged projects for adding capacities are implemented, this will make the agriculture sustainable and less dependent on import of fertilizers.
Introduction
The consumption of chemical fertilizer in Bangladesh since its introduction in 1951-52 has steadily increased as the country has been modernizing its agriculture for attaining autarky in food grain production thereby ensuring food security and improving nutritional status [1, 2] . The total food grain production (rice, wheat and maize) rose from 19.06 million ton in 1995-96 to 28.88 million ton in [2005] [2006] . Now there is hardly any crop that does not use fertilizer. The major chemical fertilizers used are: Urea, TSP (Triple Super Phosphate), SSP ( Single Super Phosphate), DAP (Diammonium Phosphate), MP (Muriate of Potash), Ammonium Sulfate (AS), Zinc Sulfate, Gypsum, NPKS (Nitrogen-PhosphorousPotassium-Sulfur containing mixture) etc. The total consumption of these fertilizers increased from 3.023 million ton in 1995-96 to 3.683 million ton in 2005-06. Urea constitutes about 67 percent of all the fertilizers consumed in 2005-06; while Zinc Sulfate and Gypsum are micro-nutrients and they constitute only 3.07 percent of the total fertilizer consumption.
The natural Gas Fertilizer Factory (NGFF at Fenchugonj) which was commissioned in 1961 was the first Urea fertilizer complex in the country based on indigenous natural gas as feedstock and fuel. Thereafter, six more natural gas based urea fertilizer * Corresponding author Email: quader@che.buet.ac.bd complex have come on-stream. The commercial production of TSP begun in 1973 at TSP Complex in Chittagong with imported raw materials (Sulfur and Phosphate Rock). Bangladesh does not have any potash fertilizer production facility. Gypsum is a by-product of TSP complex while producing Phosphoric Acid. Zinc sulfate is produced by small operators using waste zinc as raw material. The commercial production of ammonium sulfate begun in 1969 and it is specifically used in tea plants.
The agriculture is still an important segment of the country's economy though the contribution of broad agriculture sector in 2005-06 to GDP was 21.84%. Crops and vegetables accounted for about 12% of GDP [3] . About 52 percent of the total labor forces of the country are engaged in agriculture [3] . To feed the growing population of Bangladesh (at the rate 1.59% per year) increased agriculture production especially staple cereal rice is a must. In the year 2006-07, the staple cereal rice was grown in 11.30 million hectare. HYV (High Yield Variety) rice was produced on 8.50 million hectare. Of the total cropped area of 14.11 million hectare in 2004-05, the net cropped area was 7.98 million hectare giving a cropping intensity of 1.77 [1, 4] . The Department of Agriculture Extension (DAE) claims that the current cropping intensity is 195%.
Estimation of the Demand of Fertilizers
In the context of Bangladesh, not all cultivable land is suitable for growing rice or wheat; and it is also not practical to produce only cereals. It is reasonable to assume that in near future the predominant variety of rice will be HYV type and all the local varieties except the exotic ones will be replaced with HYV. The same will take place with other crops including vegetables and fruits. Table 1 lists net land area under cultivation, total cropped area and cropping intensity for 2000-01 to 2005-06. The cropping intensity for 2000-2006 was close to 177%. Table 2 lists land area under cultivation for cereals such as rice and wheat. Aus  860  792  777  751  574  518  Amon 2915 2784 2475 2693 2375 2236  Boro  202  202  178  208  188  174  Total  3977 3778 3700 3652 3137 2928  HYV Aus  466  450  467  452  451  517  Amon 2798 2866 2940 2987 2907 3195  Boro  3562 3570 3668 3737 3878 3894  Total  6828 6886 7075 7176 7236 7606  Total  10803 10664 10775 10828 10373 10534  Wheat  773  742  707  642  559  479  Maize  5  20  29  50  67  98 It is evident from Table 2 that the cropped area under rice is now about 10.50 million hectare with cropping intensity of 177%. DAE projects that cropping intensity will be around 200% soon. With cropping intensity of 200%, the cropped rice area would be 11.86 million hectare. It is reasonable to state that ultimately the predominant variety of rice will be HYV type, while the remaining cropped area will be used for other crops but more intensively.
To continue agricultural production at higher levels, one of the important inputs required is the supply of balanced fertilizers consisting of N-P-K besides seeds, irrigation, pesticide, mechanization and bank loan etc. The recommended dose and actual use of urea, TSP and MP for production of HYV type paddy are provided in Table 3 . Table 3 reveals that actual use of all the different fertilizers are below the recommended dose for rice. The same would be true for other crops also. Nonavailability of fertilizers and costs (especially for TSP and MP) has led to lower use of fertilizers against the recommended dose. The recommended doses of urea, TSP and MP for production of other crops are provided in Table 4 . Per hectare yield of HYV and non-HYV type of paddy varies significantly, Table 5 . Over the years more acreage has been brought under HYV cultivation, Table 2 . The available data and realities indicate the following cultivation pattern and land utilization for various crops from now onwards.
On the basis of recommended dose of fertilizers for different crops (Tables 3 and 4 ) and cropping pattern mentioned here above, an estimate of the requirement of different fertilizers in terms of urea, TSP and MP is presented in Table 7 . Table 7 reveals that the country's requirement of plant nutrients for crops in terms of N, P 2 O 5 and K 2 O are 1.426, 0.739 and 0.938 million tons respectively. Table 8 provides nutrient contents of the fertilizers now used in Bangladesh. Table 7 that the estimated ultimate requirement of different fertilizers in terms of equivalent urea, TSP and MP if the current cropping pattern and agriculture practice do not change dramatically particularly due to new scientific break-through will be 3.10, 1.68 and 1.38 million tons respectively.
Production and Supply of Fertilizers
The present consumption of nitrogen and P 2 O 5 are met from local production and by some import while the consumption of K 2 O is met through import only as there are no facilities for producing potash fertilizers locally.
Local production of Nitrogen Fertilizers
Bangladesh Chemical Industries Corporation operates six urea fertilizers, one ammonium sulfate and two DAP plants. KAFCO, a joint-venture between the Government of Bangladesh and foreign companies produces urea fertilizer and extra ammonia product for export. The total installed capacity of seven plants for urea fertilizer is 2,895,700 t per year and that for ammonia 1,886,700 t per year. The lone ammonium sulfate plant has installed capacity of 10,000 t ammonium sulfate per year. The two DAP plants based on local ammonia and imported Phosphoric Acid has installed capacity of 489,600 t DAP per year equivalent to 191,144 t urea. Table 9 provides some information on these plants. The total installed capacity of urea including equivalent urea is 309,1819 t per year. The production of urea fertilizers including equivalent urea fertilizers are listed in Table 10 The present production by BCIC's six urea plants has been at about 78% of the rated capacity about 1800,000 t per year. Though BCIC owns 47% share of KAFCO, it is required to buy urea from KAFCO at the prevailing international market price. In view of the ageing of the plants and larger natural gas requirement per unit urea against the plants built now ( 700m 3 NG/t urea), these plants, namely, NGFF (commissioned in 1961, 1670 m 3 NG/t urea) and PUFF (commissioned in 1986, 1410m 3 NG/t urea) and UFFL (commissioned in 1970, 1000m 3 NG/t urea) are to be shutdown sometime in near future and two large urea complex of the size of JFCL/ CUFL (each having yearly urea production capacity 561,000/t) can be operated with about the same connected load of natural gas (the connected load for three old plants 2.29 MMmm 3 /day and that for two modern plants 2.44 MMm 3 /day) [1, 6] . This would mean BCIC's installed capacity 2772,000 t per year. With BCIC's share of KAFCO (47%), the country will get annual supply of urea about 3042,349 t which is close to the ultimate demand of urea fertilizer.
Local Production of Phosphatic Fertilizers
BCIC produces phosphatic fertilizers through TSP, SSP and DAP. A plant for producing SSP has been built in the private sector. Table 12 provides some information on production facilities of phosphatic fertilizer. Table 12 reveals that the installed capacity of TSP equivalent is 697,000 t per year. SSP plant of Hussain Chemicals Ltd.
is not yet operational. DAP-1 is not operating at full capacity for non-availability of Phosphoric Acid, one of the two raw materials for DAP, while DAP-2 is not yet fully operational due to technical problems. The production of TSP and SSP by TSP complex is listed in Table 13 The difference between production by TSP Complex and consumption of TSP are met through import. All the DAP's consumed were imported previously. If the installed capacities of TSP complex, DAP plants and SSP plant of Hussain Chemicals Ltd. could be fully utilized the net local yearly production of TSP equivalent will be close to 700,000 t. The sector is failing because of non-availability of elemental sulfur, phosphate rock and phosphoric acid. Placement of fund timely and procurement procedure have aggravated the situation. Nevertheless, besides solving the existing problems of this sector; the country should aim at achieving TSP equivalent production capacity close to 1 million ton. Additional TSP equivalent of 300,000t can be met by producing SSP for its ability to supply sulfur also needed in some areas in the country.
Local Production of Muriate of Potash
Though the application of Potash is vital for plant for its many beneficial functions, this is not being used in Bangladesh in the required ratio with respect to Nitrogen fertilizer. There is no facility in the country to produce Potash fertilizer. This fertilizer is basically a mined product requiring little or no beneficiation. The beneficiation involves crushing, screening, compaction/granulation. The mining companies actually perform these operations, and market the desired potash fertilizer world wide.
From the view point of Bangladesh, there is now no urgency to build potash ore beneficiation plant. It should rather import potash fertilizer in bulk and bag it at the port side covered storage areas. It should plan to build bulk storage area having capacity to store at least 100,000 t potash fertilizer including bagging fa-cility so that at least 700,000 t of potash fertilizer can be handled annually and this is about 50% the recommended use.
Strategy for Developing the Fertilizer Sector
Based on the recent studies and what has been discussed here above, there is a need to develop the sector by building new urea, SSP, Phosphoric Acid and Sulfuric Acid plants for assuring supply of different fertilizers (N,P and K nutrients) timely. Table 14 shows the plants needed to be planned and built without loss of time; and Table 15 provides some data on possible plant location, type of plant, total investment and implementation time.
Expected total capital investment would be around US$ 1860 million of which foreign currency portion is about US$ 1442 million including physical contingency, price escalation and working capital.
BCIC has already selected two sites for urea plants, one at NGFF site (the project is called Sylhet Fertilizer Co. Ltd (SFCL)) and another at Sirajgonj (the project is called North West Fertilizer Co. Ltd (NWFCL)) having identical capacity mentioned in Monsanto contact process has been used for the production of sulfuric acid. For phosphoric acid, the process of Hitachi Zosen has been used. For TSP and SSP, Hitachi Zosen has provided the technology.
There are a number of process licensors who can provide proven processes. BCIC should select processes which are well proven with respect plant size, raw materials, product quality and equipment/machinery and operability.
Implementation of the Projects
BCIC has the experience of implementing similar grass-roots projects by contracting arrangements such LSTK (Lump Sum Turnkey) and Cost plus Fee. BCIC can use either of the arrangements but LSTK arrangement would be more efficient considering the existing PPR-2008. The scope of work and supply for the General Contactor and the Client are listed below, Table  16 , for building these plants and facilities under LSTK contracting arrangement [1, 7] . Prior to appointment of the General Contractor the following works can be carried out to save time which will lead to reduction of implementation period by about 4-10 months depending upon the nature of the project.
• 
Project Financing
There are several options for financing these projects as mentioned below: a) The entire capital can be borrowed from the commercial banks operating in Bangladesh at the interest rate below the calculated financial IRR for long term investment. BCIC will provide the guarantee. b) BCIC will provide the local currency requirement from its own source while the foreign currency portion will be borrowed from the commercial banks operating in Bangladesh at the interest rate below the calculated financial IRR for long term investment. BCIC will provide the guarantee for the bank loan. BCIC's contribution in local currency will make the equity. c) The Government of Bangladesh can arrange the entire investment by treating these as special projects by availing donor's loan for foreign currency portion while the local currency portion comes as a loan to the project from the Government. The interest rate is to be below the calculated financial IRR. d) The project can be financed with Suppliers Credit for the foreign currency portion while BCIC provides the local currency portion of investment as equity. In this case, the General Contractor arranges the fund and the Government stands as a guarantee for the credit. e) The Government can go for bilateral loan arrangement for each project separately to sources like OECF (Japan), SFD (Saudi Fund for Development) etc. for the foreign currency portion of the investment while the Government provides the local currency portion. In such case, the procurement procedure of the funding agencies will have to be used to utilize the fund. f) The Government can create a special fund out of the foreign remittances sent by wage earners over a period of five years as per the disbursement schedule of the projects. Creating a fund of US$ 1400 million over five years against the yearly remittance of US$ 8 billion should not have any adverse effect on the country's foreign reserve.
The interest for the long-term loan whether for local currency portion or foreign currency portion shall be below the calculated IRR (financial) whatever may be the funding source.
It is desirable that the repayment of loan and interest incurred shall be made on annual basis as per the loan agreement as soon as the facility becomes operational over the economic life span in respective currencies. One-year grace period for the repayment of principal amount is desirable if the repayment of the principal and interest therefor commences from the first year of operation. Experiences show that the supplier's credit The ownership of these projects must lie with BCIC because of interdependence, profitability issues, pricing plus subsidy to the farmers. Conventional criteria such as IRR, ERR, Cost Benefit Ratio etc. cannot reflect the benefit of these projects in quantifiable terms in the context of country's food security and social entitlements.
Natural Gas Supply for Urea Plants
The two urea plants when commissioned would not require additional gas if NGFF, UFFL and PUFF are shut down. Whether these are shutdown or not, BCIC should develop 4 natural gas production wells each capable of producing 25 MMSCFD. Two such wells can be developed in each of these fields namely, Fenchugonj and Habigonj. The gas from the wells of Fenchugonj shall be piped independently to the urea plant at NGFF site, while the gas produced from the Habigonj field shall be swapped for the gas to be used by the urea plant at Sirajgonj. This will, however, require BCIC an additional investment of US$ 40 million including well development, gas processing plant and dedicated transmission line as required. The investment will be recovered from the gas to be used in producing urea. This will rather improve Petrobangla's gas supply.
Supply of Elemental Sulfur, Phosphate Rock and
Muriate of Potash The Government of Bangladesh can ensure regular and stable supply of elemental sulfur, phosphate rock and muriate of potash fertilizer through long term agreement with the mining companies. These agreements must be for at least 30 years. This would require the Government to prove that it is a worthy party for long term relationship.
Why Should Bangladesh Produce Fertilizers?
The international markets for different fertilizers such as urea, TSP, DAP and MP were very volatile during the past four years. It was the sellers market for TSP, DAP, MP and Phosphoric Acid because of the cartel controlling mining operations and fertilizer productions. The prices of different fertilizers in the international market in December, 2008 are listed in Table 17 .
Based on December, 2008 international price, the cost different fertilizers to be produced/imported and used as discussed above would be US $ 1.307 billion as shown in Table 18 .
If the different projects envisaged above are not implemented, the farmers will not use balanced fertilizers, the yield will suffer and there will be drainage of foreign reserve for importing staple cereals, other food items and fertilizers. This would mean additional expenses in FE in excess of US$ 1.70 billion every year. These projects will contribute to the country's economic growth as well as expansion of chemical industries that employ state-of-the-art technology. This will make the agriculture in the country sustainable and make it less dependent on import of fertilizers such as urea, phosphatic ones and muriate of potash.
